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Abstract Ac the present paper, adult populations of the psocid, Liposcelis bostrychophila , were exposed respectively for 
30 generations to two atmospheres containing 0.5% and 1% O(N; in mixture as balance) ,in order to select strains re- 
sistant to low O» content (LOC) atmosphere. Selection pressure was maintained at around 70% mortality. At the 30th 
generation, comparison of sensitivity between the selected strains (LOCI and LOC2) and the original susceptible strain 
(CA-S) indicated a tolerance factor (TF) at the 50% mortality level (LTso) of 4.7- and 3.9-fold, respectively. 
Throughout the selection process. log-time against probit-mortality lines remained roughly parallel and the slopes remained 
lower than that of CA-S strain until the last generation. The implication is that at high level of selection, multiple genetic 
factors continued act together even at the 30th generation to select for adaptation to survival at depleted O, concentration. 
Up to 30th generation, two selected strains still possessed the genetic potential to develop resistance to LOC. Removal of 
selection pressure for 5 generations from 2 sub-populations of two selected strains from 25th generation caused significant 
reduction in resistance. In the absence of CA exposure, the two selected strains all possessed the reproductive disadvan- 
tages or fitness defect. LOC1 and LOCZ were calculated by Ro to have a fitness value of 0.56 and 0.75 relative to unse- 


lected strain , respectively. 
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The Controlled Atmosphere (CA) method with 
elevated carbon dioxide or nitrogen and depleted oxy- 
gen is firmly established on basis of much laboratory 
and field works ( Donahaye, 19902, 1990b) , which can 
be effective in controlling insects and mites in stored 
grain (Jayas et af. ,1991) . Under airtight conditions, 
CA fumigation can be economical (White et al., 
1993) , leaving no chemical residues in the grain, pre- 
serves grain quality ( Banks, 1981). In some applica- 
tions CA can replace methyl bromide as a fumigant 
(Newton, 1993) to be used to control insect pests in 
food commodities, particularly grain (Jay, 1984) and 
insects infesting museum artefacts (Burke, 1993). In 
recent years,one of the major problems that have de- 
veloped in many insect control programs concerns the 


resistance that is acquired when successive generations 


are exposed to toxic agents. In field populations of 
stored-product insects, resistance to the most com- 
monly used fumigants such as phosphine, methyl bro- 
mide (Champ et a4. ,1976; Ho et al. ,1995; Leonget 
al. ,1994) and ethylene dibromide (Bond, 1973) has 
been demonstrated. It has resulted in serious limita- 
tions in their use for stored-product protection ( Dona- 
haye,1990a) . In a similar way,extensive use of CA in 
insect control programs might be expected to favor se- 
lection of strains resistant to hypercarbia and hypoxia 
(Donahaye, 1990c). 

The first suggestion of the possibility that 
stored-product insects would develop resistance to CA 
was made by Banks eż ał (1977). Bond et a1. (1979) 
were the first to show that stored-product insects 
have the genetic potential to develop resistance to 
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CA, when they obtained a 3-fold increase in tolerance 
to CO, by Sitophilus granarius (L. ) after selection 
for 7 generations. After this, the resistance of stored- 
product insects to CO) has been well documented by 
several researchers (Navarro et af. ,1985; Donahaye, 
1990b, 1990c ). However. the resistance of stored- 
product insects to depleted oxygen was only observed 
by Donahaye (1990a), and the resistance factor of 
5.2.fold was developed by Tribolium castaneum 
(Herbst). He also revealed that the resistance ob- 
tained in the adult stage was conferred to other stages 
(Donahaye et al. 1992). More recently, Zhao et a . 
(1993) monitored the combined effects of elevated 
carbon dioxide and oxygen deficiency on Tyrophagus 
putrescantiae over 25 generations under five CA envi- 
ronments,and 3- or 5-fold resistance was obtained. 
Psocid, Liposcelis bostrychophila Badonnel, is of 
worldwide distribution and used to be frequently 
found in the stored-product ( Turner, 1994). Howev- 
er. L. bostrychophila is usually considered to be of 
minor significance as stored-product insect pests and 
generally of little economic importance ( Mockford, 
1993). From time to time, Liposcefis species have 
been found infesting grain in very large numbers. In a 
socio-economic survey of psocid infestation in Indone- 
sia and India, it was concluded that psocid pose a 
small but real problem in the storage system (Kleth et 
af. ,1995). After pest control treatments stores often 
become recolonized with psocids very rapidly (Santoso 
et al. ,1996) . The development of separate pest con- 
trol measures against these pests would probably not 
be cost effective. Based on the survey, L. bostrychoph- 
ila has developed to be one of the dominant pests 
species in CÁ treatment grain storage environment, 
which is mainly adopted at present in China ( Wang 
et al. ,1994). The effects of CA on L. bostrychophila 
have been studied by Leong et al. (1995). They 
found that the adults of L. bostrychophila rank a- 
mong the more susceptible in comparison with other 
insects, and the eggs of L. bostrychophila are among 
the more tolerant. However, a separation of the effects 
of oxygen deficiency or carbon dioxide from other fac- 
tors that can contribute to both toxicity and develop- 


ment of resistance is essential for understanding the 
role of this factor. With increasing interest and infest- 
ing situation in psocid, L . bostrychophila was chosen 
not only to investigate whether it is capable of devel- 
oping induced tolerance to low oxygen concentration 
(LOC) , but also to study the stability of tolerance, the 
relationship between susceptibility to LOC and eco- 
logical fitness across populations of psocid. This pro- 
ject lasted 5 years (1993 — 1997) and two tolerant 


strains were obtained. 


1 Materials and Methods 


1.1 Insect colony 

Liposcelis bostrychophila , a colony which has 
been established in 1990 since the nymph were col- 
lected from a wheat store in Chongging, China, was 
reared on artificial diet of whole wheat flour, skim 
milk and yeast powder (10:1:1) in laboratory at con- 
stant temperature of (28 + 0.5)'C , with 80% RH 
and dark conditions. 

1.2 Apparatus and the chosen atmosphere 

A controlled atmosphere unit capable of generat- 
ing gaseous compositions using three gas (CO), O, 
and Nz) in the range of 0 — 100% was used in this 
study. The unit consisted of gas cylinders and regula- 
tors, three flowmeters,a gas blender, an insect cham- 
ber with 24 exposure units constructed from Erlen- 
meyer flasks, and all gas concentration measurements 
were carried out with the same gas chromatography 
apparatus. The whole apparatus, as described by Wu 
et af. (1992) , was kept in a constant temperature 
room at (28+1)T. 

To assess the effect of oxygen deficiency on L. 
bostrychophila , two gas mixtures used for selection 
consisted of 0.5% (LOCI) and 1% O,(LOC2), N: 
in the mixture as balance. The two low O; concentra- 
tions are similar to those obtained in commercial prac- 
tice. 

1.3 Bioassay 

The base-line sensitivity of the non-selected 
strain was determined at the 2nd generation by probit 
analysis; then sensitivities of both the LOC-selected 
and the non-selected strains were determined at 5 
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generation steps. The experimental procedure was as 
follows; 6 group of 100 adults 2 — 3 days old were 
placed in 6 flasks;5 flasks were exposed to LOCI over 
a range of 5 exposure times and the 6th flask served 
as control. Due to heterogeneity of response, each ex- 
periment was repeated 5 times, giving a total of 30 re- 
sults, At the end of each exposure time the flasks were 
removed frorn the apparatus, and were held in 28T 
and 80% RH for 48 hours. Then mortality counts 
were made. 

According to the results of bioassay, the log-time 
against probit-mortality lines was developed, and the 
comparison of mortalities between the strains was 
made by comparing the times required for the LOC 
mixture to produce 50% kill (LTs9)- 

1.4 Exposure techniques 

The adult populations of psocid were exposed for 
30 generations to LOCI and LOC2, respectively. Se- 
lection pressure was maintained around 70% mortali- 
ty after each exposure, the dead and the survivors in- 
sects were counted samplely to determine the level of 
selection pressure and survivors were used for breed- 
ing the following generations. 

1.5 Genetic stability of increased tolerance to LOC 

To determine the stability of the induced toler- 
ance to LOC, 2 sub-populations of LOC-selected 
strains was separated at the 26th generation, respec- 
tively. Exposure to LOC was discontinued for 5 gen- 
erations, and then response to LOC was re-evaluated 
at each generation and compared with the continuous- 
ly selected LOC strains and the non-selected strain. 
1.6 Evaluation of ecological fitness 

To evaluate the ecological fitness of the LOC-tol- 
erant strains and the non-selected strain, the life tables 
of these strains were constructed at the 30th genera- 
tion, under the natural conditions. The relative fitness 
was determined by the life table parameter, net in- 
crease rate (Ro). 


2 Results 


2.1 Tolerance development of L. bostrychophila to 
LOC over 30 generations 
Non-selected generations showed stability in 





their response as expressed in the time required to 
produce 50% mortality, so the base-line sensitivity 
was obtained by probit analysis at the 2nd generation 
exposed to LOC1. The exposure time required to ob- 
tain LTs values for successive selected generations of 
L. bostrychophila adults exposed to LOC is shown in 
Table 1. 

According to Navarro et af. (1985), “low levels 
of resistance recorded in stored products insects ex- 
posed to CA has been referred to as tolerance. ” Since 
the resistance levels obtained in this study with L. 
bostrychophila exposed to LOC were also low, the 
term tolerance is used. 

The calculated tolerance factors (based on LT 59) 
for L. bostrychophila exposed to 0.5% O, (LOCL) 
and 1% O;(LOC2) were increased to 4.7- and 3.9- 
fold at the 30th generation, respectively. The steady 
increase in tolerance factor obtained to LOCI was 
greater than that obtained to LOC2. Up to the 30th 
generation, there was a similar general tread of in- 
creased tolerance to LOC, and still no indications of 
two LOC-selected strains that the induced tolerance 
had peaked. 

2.2 Stability of increased tolerance to LOC 

The stability of tolerance of LOC-selected strains 
when selection pressure was relaxed is given in Table 
2. The results showed that the tolerances were all un- 
stable and the tolerance partially retained when selec- 
tion pressures were suspended. After 5 generations, 
the TF values decreased 63.37% (LOCI) and 
53.50% (LOC2) , respectively. 

2.3 Evaluation of ecological fitness 

Some important biological indices of two LOC- 
selected strains and non-selected strain (CA-S) of L. 
bostrychophila at 28T ,80% RH under CA-free con- 
ditions were listed in Table 3. Comparison of two 


 LOC-selected strains with non-selected strain, there 


were no significant difference in development and sur- 
vival (P >0.05). However, two LOC-selected strains 
possessed reproductive disadvantages including pro- 
longed pre-ovipisition duration, lower mean number of 
eggs per female laid and decreased percentage of eggs 
hatching. 
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Table 1 Response of selected generations of L . bostrychophila adults exposed to LOC1 and LOC2 


Generation Slope Intercept LTso/h Tolerance factors ( F, /F,) 

No.(F.) — 10e LOC2 LOG! L2 LOCI LOC2 LOCI LOC2 
Fh 4.8237 — 4.8237 - 1.6820 -1.6820 24.2797 24.2791 1.0000 1.0000 
F; 3.7840 3.9625 -0.8854 -0.9661 35.9202 32,0362 1.4794 1.3195 
Fig 3.9015 4.5015 -2.0234 -2.6377 63.1218 49.7524 2.5998 2.0491 
Fis 4.0714 3.8769  -2.5863 -1.8074 72.9987 357.0017 3.0066 2.3477 
Fig 4.7026 4.3849  -4.0197 -3.0765 82.7988 69.4947 3.4102 2.8618 
Fas 3.9775 4.7632 -2.9892 -4.0680 101.9996 80.1239 4.2010 3.3000 
Fy 4.2809 4.6320  - 3.7985 -4.1337 113.5774 93.7281 4.6779 3.8603 


* Slope and intercept of regression line represents the relarionship between the probit-mortality and the log-times. 


** Bioassay was carried out under 0.5% O, and 99.5% IN, mixture atmosphere. TF values 


Same as follows. 


are based on LT sq. 


Table 2 Effect of suspending selection pressure on the tolerance of L . bostrychophiia to LOCI and LOC2 


Generation Slope Intercept LT s/h Tolerance factor Loss in TF ^96 
No.(Fx) 100 1X2 1001 102 loci LO? LOC! | 102 ë LOCI LOC2 
Fx 3.9775 4.7632 -2.9892 -4.0680 101.9996 80.1239 4.2010 3.300 — — 
Fx 3.8543 4.5425 -2.6304 -3.5000 95.4357 74.3540 3.9306 3.0624 6.44 7.20 
Fu 4.0538 4.1259 -2.4759 -2.3507 69.8507 60.4782 — 2.8769 2.4909 31.52 24.52 
Fa 3.9872 4.0783 -1.4772 -1.5791 42.1210 41.0390 1.7348 1.6903 58.7! 48.78 
Fas 3.8145 4.2537 - 1.1101 -1.7873 39.9769 39.4115 1.6465 1.6232 60.81 50.81 
Fa 3.8549 4.1918 -1.1067 -1.5862 38.3831 37.2572 1.5808 1.5345 62.37 53.50 


Table 3 Comparison of development and reproduction of LOC selected with 


non-selected strains under CA-free conditions 


Biological indexes Non-selected strain LOCI LOG 
Duration of eggs/d ' $.5420.35 8.89+0.71 828.72+0.69 
Duration of nymphs/d 14.78+ 0.96 14.69 * 1.05 14.32 1.21 
Duration of pre-ovipostion/d 3.5840.31 3.98+0.49 3.80+0.51 
Hatching percentage “% 90.1543.24 87.03x 6.01 89 ,42 土 S,21 
Generation survival ratey 6 81.152 2.03 T). 7345.49 81,15 6.02 
No. eggs laid per female 74.87 £ 5.10* 50.65t6.23 59.92 £7.14 
Duration of ovipostion/d 83.5646.07" 76.494 11.59 79.494 11.23 


The data were the means + SD, * indicate significance at P« 0.05. 


Table 4 Comparison of life table parameters of LOC-selected with non-selected 





strains under CA-free conditions 
Strains Ro ta A T t Fitness 
CA-S 49.8665 0.0862 1.0900 45.3573 8.0421 1.0000 
LOCI 28.0085 0.0700 1.0725 47.6072 9,9021 0.5617 
LOC2 37.6028 0.0790 1.0822 45.9008 8.7718 0.7541 


* Fitness values was obtaned by Ro, which is Roof selected strain) ^Ro( of non-selected strain) . 


By construction of life and fertility table of these 
strains,5 life table parameters which were instinct rate 
of increase (rm) ,finite increase rate (A) , net increase 
rate ( Ro) , population mean generation time ( T) and 
population doubling time (2) , were calculated and list- 
ed in Table 4. Two LOC-selected strains had the 
smaller values of rm, Ro and À than non-selected 
strain. Accordingly, 上 value of LOC-selected strains 
were greater than non-selected strain significantly ( P 
« 0.05). Compared LOC1 with LOC2,LOCI had the 


greater TF values, accordingly it also possessed smaller 
increasing rate. LOC1 and LOC2 were calculated by 
Ro to have a fitness value of 0.56 and 0.75 relative to 
non-selected strain, respectively. 


3 Discussion 


The consistently low slope of the log-probit re- 
gression lines of time against mortality showed that 
the high heterogeneity of response continued through- 
out the LOC-selected strains. The expected progressive 
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steepening of the probit line as LOC-selected popula- 
tions become more homogeneous, did not occur. Àt the 
30th generation the slope for the LOC-selected strains 
was low, indicating that the slope had remained essen- 
tialy unchanged throughout the series of selection. 
These findings are similar to those of Donahaye 
(19902) ,in his work on selected resistance to LOC of 
Tribolium castaneum. He concluded that the resis- 
tance to LOC was influenced by the multiple genetic 
factors,each factor had a relatively small effect but the 
general results was to produce a population with im- 
proved ability to withstand the effects of the low oxy- 
gen concentration. 

The tolerances of the LOC-selected strains were 
unstable when selection pressure was relaxed. This re- 
sult is fully consistent with Donahaye ( 1990a, 
1990b) , Navarro et a. (1985), Zhao et al. (1993). 
Since resistance appears to be polyfactorial and their 
potential were not exhausted at the 30th generation, it 
was suggested that stability of resistance might be- 
come even greater as the population become more ho- 
mogeneous. 

The results both in our study and in previous 
studies clearly demonstrate the capacity for insect 
pests of stored-products to develop tolerance, even re- 
sistance to LOC. One of the key questions about LOC 
resistance is how it affects fitness in the absence of 


LOC exposure. This issue has fundamental implica- - 


tions about evolutionary responses to stress as well as 
immediate application for efforts to manage resistance. 
In the studies of pesticides resistance, alleles that con- 
fer resistance usually are rare before a population is ex- 
posed to pesticides; these alleles have been presumed to 
exert negative effects on fitness in the absence of pes- 
ticides (Groters et al. , 1994 and references therein). 
However, fitness costs associated with pesticides resis- 
tance appear to vary considerably among species and 
pesticides (Hollingsworth et af. , 1997). 

Our results with L. dostrychophila selected to 
LOC support the idea of a fitness cost associated with 
LOC tolerance. However, it should be noted that in 
this study the fitness was evaluated by Rp,s0 that we 
could not exclude the hypothesis that changes in other 


fitness components compensated for decrease or in- 
crease in Ro associated with resistance. 

In conclusion, the above results indicated that L. 
bostrychophila had genetic potential to develop resis- 
tance to LOC. The suspension of selection caused a 
considerable reduction in the tolerance factors. The 
LOC-selected strains possessed the fitness defect. In 
view of the low rate of development of resistance ex- 
hibited by L. bostrychophila and the fact that under 
field conditions LOC- treated insect strains are likely to 
mix with non-treated populations, the risks of endan- 
gering the practical application of LOC are greatly re- 
duced. Therefore, it would be advisable to integrate the 
CA technique with other control methods, to minimize 
the risk of selection of resistance to CA over successive 
generations. Furthermore, care should be taken so that 
CA is not used in situations where the trestment is 
likely to be incompletely treatment, so as to minimize 
selection of CA-resistance strains. Many previous in- 
vestigations have been made on the combined effects of 
carbon dioxide, temperature and oxygen deficiency. 
And it is known that all of these factors can contribute 
to the toxic effect in insect control programs. Since 
this is a non-toxic residue treatment, a decrease in Oy 
concentration and increase in CO) concentration, and 
extension of exposure time, would not have a harmful 
effect on the treated commodities. 

It also should be noted that the selections were 
not carried out using ges concentration or a relative 
humidity occurring in real-life situations. But they 
were chosen to reduce the influence of the additional 
factors as high carbon dioxide concentration, in order 
to obtain a strain resistant to LOC upon which the 
mechanisms of resistance could be examined in subse- 
quent studies. Clearly , these findings cannot be used as 
guidelines for predicting the development of resistance 
in the field. 
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摘 要 SARMAAFUA LAA ARNE 
BE Liposcelis bostrychophila Badonnel 成 虫 分 
别 在 0.5% 和 196 O (N, 作为 平衡 气体 使 用 ) 组 
配 的 气 调 环境 中 以 30 名 左右 的 选择 压力 处 理 ， 以 
选 育 其 耐 低 氧 气 调 性 。 选 育 至 30 代 获 得 耐 低 氧 品 
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系 LOC! 和 LOC2, UNES 数 分 别 
达 4.7 和 3,9 倍 。 整 个 选 育 过 程 中 ， 气 调 暴露 时 间 
对 数值 与 死亡 率 机 率 值 问 的 回归 直线 基本 平行 ， 其 
斜率 值 均 低 于 敏感 基线 的 斜率 值 ， 这 表明 哮 卷 书 乔 
对 低 氧 的 耐性 是 由 多 种 遗传 因子 引起 的 ， 而 且 两 品 
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系 均 具有 进一步 增强 耐 低 氧 性 的 基因 潜能 。 两 品系 
的 耐 低 氧 性 均 不 太 稳定 ， 且 均 具有 繁殖 不 利 性 即 适 
合 度 缺 陷 。 以 兆 增 值 率 为 指标 衡量 ，LOCL 和 
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中 国 是 世界 十 大 生物 多 样 性 最 丰富 的 国家 之 一 。 云 南 
野生 动物 占 全 国 物种 总 数 的 SO SUL E. RA Cub EB 
的 美 赫 。 中 国 科 学 院 昆明 动物 研究 所 在 这 块 得 天 独 厚 的 室 
地 上 辛勤 耕耘 了 40 年 ， 为 丰富 和 发 展 动物 学 理论 作出 了 页 
RK, PHEA RFRA, RR, ESL PRT 
大 量 的 野生 动物 资料 . 包括 许多 珍贵 的 图 片 . 其 中 一 些 很 
可 能 已 成 为 某 些 动 物种 类 的 “ 遗 照 ”或 孤 版 ， 因 为 环境 的 
破坏 已 使 它们 灭 移 或 濒临 灭绝 。 

适 值 中 国 科学 院 成 立 50 周年 ， 中 国 科学 院 昆 明 动 物 研 
究 所 成 立 各 周年 之 际 ,， 昆明 动物 研究 所 从 全 所 科研 人 员 多 
年 积累 的 大 量 科学 考察 照片 中 精 选 出 部 分 有 代表 性 的 作品 ， 
BBM UT (Pha wee) 一 书 。 共 精 选 照片 
500 余 幅 ， 涉 及 379 个 物种 和 大 量 的 生境 景观 。 此 书 按 概 
述 、 普 类 、 乌 类 、 巾 行 类 、 两 栖 类 、 鱼 类 和 昆虫 分 类 编辑 。 

概述 部 分 介绍 了 造就 云南 丰富 的 物种 多 样 性 的 自然 环 
境 。 如 “ 演 南 山区 ”的 季 雨 林 、 山 地 雨林、 竹林 ; 演 中 亚 
Rute a RK RE eK; Se m HS 
带 的 针 租 混交 林 和 高 山 、 亚 高 山洪 从 草 乞 等 。 强 调 了 走马 
拉 收 造 山 运动 ， 生 境 和 气 辟 的 复杂 性 是 形成 云南 野生 动物 
物种 多 样 性 和 特殊 性 的 主要 原因 。 

兽 类 部 分 介绍 了 动物 兽 类 的 总 体 情 况 。 云 南 已 知 的 
300 种 兽 类 占 全 国 物 种 的 50.3% ， 分 属 越 北 、 泰 北 、 缅 东 、 
缅 北 、 横 断 山 和 云南 高 原 等 6 个 区 系 ， 其 中 66 PRESS 
有 分 布 。 本 书 重点 介绍 了 65 种 有 代表 性 的 重要 兽 关 。 

鸟 类 部 分 介绍 了 云南 已 知 鸟 类 有 802 种 ， 占 中 国 记录 
鸟 类 物种 的 64%， 约 占 世 界 鸟 灼 的 9%。 书 中 重点 介绍 了 
114 种 有 代表 性 的 重要 鸟 类 。 云 南 鸟 业 不仅 有 生活 在 热带 、 
亚热带 、 温 带 和 讲 带 等 的 类 群 ， 而 且 还 有 高 原 湖泊 和 各 种 
奖 型 的 湿地 ， 从 而 更 丰富 了 云南 的 鸟 类 物种 多 样 性 。 不 过 ， 
由 于 地 理 垂直 分 布 和 区 系 混 杂 等 特点 ， 云 南 鸟 类 虽然 种 类 
繁多 ， 但 多 数 种 类 种 群 数量 很 小 。 

疏 行 类 和 两 栖 类 分 别 介 绍 了 云南 扑 行 和 两 栖 动 物 的 整 


LOC2 相对 于 敏感 品系 分 别 具 有 0.56 和 0.75 的 适 


合 度 。 
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GH. mECGEAHNKEGAGP 152 种 ， 约 占 全国 种 类 的 
39%; 其 中 尤 以 蛇 类 资源 最 为 丰富 ， 有 030, HK 
类 43 种， 还 有 角 鉴 类 16 种 。 云 南 已 知 两 栖 类 动物 112 种 ， 
分 属 无 尾 类 、 有 尾 类 和 无 足 类 ; 公分 布 在 云南 的 特有 种 37 
fh. 其 中 30 种 【 亚 种 ) 在 世界 上 也 仅见 于 云南 。 两 栖 类 是 
环境 的 敏感 指 未 器， 通过 本 书 对 云南 两 栖 动物 现状 的 描述 ， 
人 们 可 以 深切 地 感受 到 野生 动物 的 生存 正 受 到 严重 威胁 。 

鱼 类 部 分 介绍 了 云南 已 知 鱼 类 有 432 种 ， 占 全 国 淡水 
鱼 类 的 42.2% ， 代 表 了 六 大 水 系 和 高 原 潮 泊 的 种 类 。 特 别 
是 颇具 特色 的 洞穴 鱼 类 ， 体 现 了 明显 的 地 域 和 水 系 特征 。 
云南 鱼 类 种 类 和 特性 的 多 样 性 在 国内 外 均 为 少见 。 

昆虫 部 分 介绍 了 云南 五 式 缤 纷 的 昆虫 世界 。 据 估计 ， 
世界 上 90% 的 昆虫 尚 属 未 知 世界 。 云 南 屁 虫 已 定名 的 物种 
已 有 12 000 余 种 ,但 估计 种 类 在 10 万 种 以 上 ， zx RE 
也 明显 地 反映 出 地 域 和 气候 的 特征 。 

由 于 条 幅 所 限 ， 本 书 选 痴 的 照片 《有 的 癫 危 动物 已 无 
法 找到 照片 ) 只 能 作为 窥视 博大 部 镍 的 动物 世界 的 一 个 窗 
口 。 热 而 ， 尽 管 本 书 所 记录 的 只 是 匆匆 的 一 瞬间 ， 但 疯 班 
见 鹏 ， 只 要 你 用 心地 观察 和 剧 会 ， 每 幅 图 片 后 面 都 会 隐藏 
著 一 个 柿 秘 而 有 趣 的 故 吝 。 因 为 野生 动物 有 车 和 人 类 相似 
的 生活 和 行为 : RR, LILA. BF. ARAFE, 
为 日 益 恶 化 的 环境 而 痛苦 .……。 我 们 希望 通过 本 书 对 动物 
科学 知识 和 对 生动 物 起 闻 的 介绍 ， 引 起 人 们 对 动物 学 研究 
的 关心 和 支持 ; 唤起 入 们 对 野生 动物 的 爱心 ， 积 极 投身 于 
保护 野生 动物 这 一 大 类 重要 的 朋友 ， 投 身 于 保护 自然 环境 
的 活动 中 去 。 — 

ABT 1999444 月 正式 出 版 发 行 ， 希 望 了 解 更 多 信息 
或 需要 购买 此 书 的 同志 ， 可 与 昆明 动物 研究 所 朱 建 国 、 杨 
若 云 同 志 联 系 。 地 址 ; 云南 省 昆明 市 教 场 东 路 32 号 
(650223)， 电 话 : 0871— 5190775, 0871 一 5190776， 电 子 
MRE: zhu@mail.kiz.ac.cn. 


朱 建 国 
(昆明 动物 研究 所 计划 处 ”昆明 650223) 


